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Cover Photo: Taylor Park,
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Nocturnal Tornado Hits Eastern Colorado

Ian Wittmeyer, Atmospheric Science Department, Colorado State University

he severe weather season in Eastern Colo-

rado typically peaks in June although late

season storms in July are not uncommon. A

large, long-lived thunderstorm complex over
Nebraska early in the morning of July 5, 2000 played
an important role in producing a significant tornadic
supercell thunderstorm later that day. I was aware of
the potential for storms in Northeast Colorado that
morning and decided it was worth a drive out east to
see what developed.

I went through my usual review of our regional
surface weather observations which showed a west-
ward push of very moist air from that large thun-
derstorm complex into Western Nebraska. Upper air
charts revealed jet stream winds that were strong
enough to support tornado-producing storms, usually
a limiting factor this late in the season. A few other
factors also pointed toward the southwestern Nebraska
panhandle area as a target area, including a surface
boundary which separated warm and dry air in Colo-
rado with somewhat cooler and very moist air to its
east. Dewpoint temperatures approaching 70 degrees
Fahrenheit were present in southwest Nebraska, indi-
cating potentially extreme levels of atmospheric insta-
bility present there. Easterly surface winds were
pushing the highly unstable low-level air westward

underneath unseasonably strong westerly winds at jet
stream level. Strong shear and extreme instability are a
recipe for damaging thunderstorms on the high plains.
I found two graduate students who were also
interested in a storm chase, as my usual chase partners
were unavailable to go out. The three of us departed
Fort Collins at 3:30pm and headed north to Cheyenne,
Wyoming where cumulus clouds were forming and
gradually growing taller. Two towering cumulus grew
stronger east of Cheyenne and we chose to target the
southern-most one since it was in a more favorable
location; closer to the northwest-to-southeast oriented
surface boundary. We drove east on I-80 and got ahead
of this developing thunderstorm just as it slowed its
forward movement and made a southward turn. The
storm rapidly intensified near Sidney, Nebraska, devel-
oping an intense rainshaft on its west side, and a
lowered cloud base formed below the strong updraft.
Knowing that very moist conditions were feeding
into the storm from the east, we expected this storm
to intensify further. We were able to repeatedly drive
south a few miles and stop the car to watch this storm
develop into one of the most impressive supercells
I’ve ever seen. A striated, corkscrew updraft dominated
the sky just to our west as we watched from just
south of Crook, Colorado at around 8:00 pm. Indica-
tions of potential tornado formation were seen before
sunset, but we did not observe any touchdowns from
our perspective. We decided to let the storm pass to
our east since it was now dark and I wanted to avoid
the large and damaging hail occurring just to our north.
The back side of the storm was illuminated by continu-
ous lightning high up in the updraft, which exhibited

(continued on page 2)

Left: Tornado damage to
100 foot Harvestore on
July 5, 2000. Photo taken
by Jim Bliss.

Below: Photo of July &,
2000 supercell
thunderstorm taken by lan
Wittmeyer.
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smooth, collared-shaped bulges. It was about this time especially dangerous and fairly rare in Colorado.
that an F3 tornado touched down near Dailey, Colo- The storm’s incredible lightning display contin-
rado causing damage to a number of structures, includ- ued to illuminate the eastern sky behind us as we
ing the farmstead of an elderly couple. Miraculously headed back to Fort Collins, arriving home around
nobody was killed, as strong nocturnal tornadoes are 11:30pm.

excerpt from Storm Data publication, July 2000, Volume 42, Number 7

Number
Logan County Date Time Length Width Injured | Damage | Storm
Dailey, 2 mi
NNE to 4 mi S July 5 | 2010 MST | 6 Mile 1320 yds 2 $750 K Tornado (F3)

A large and destructive tornado accompanied with hail, up to softball size, ripped through eastern Logan
county. An 88-year old farmer and his wife received minor injuries when the tornado flattened their home.
The elderly man spared from serious injury when the recliner he was sitting in flipped upside down; just
before a wall caved in on top of him. The farmer suffered a cracked vertebra and a lacerated hand. In all, five
farmsteads were either damaged or destroyed. Several structures were destroyed, including three homes and
numerous outbuildings. One modular was lifted up and dropped 50 feet away from its foundation. Numerous
pieces of farm equipment including, machinery, stock trailers and vehicles were damaged or destroyed. Some
livestock were also killed. The tornado snapped power poles and downed electrical lines between Holyoke and
Fleming. Initial damage estimates to two properties alone were around $750,000.

Radar reflectivity image from Goodland showing
5 = | the classic “hook-echo” structure just east

of Sterling, Colorado. Image courtesy of
weatherTAP.com.

Location of Dailey, Colorado (star).

Doppler velocity image which shows motion in
the storm toward the radar (green/blue) and
motion away (yellow/red) indicating storm-scale
rotation. Image courtesy of weatherTAP.com.

2 Colorado Climate



Colorado Tornado Facts

Bob Glancy, Denver-Boulder National Weather Service

n the past 10 years Colorado has averaged around

60 tornadoes a year. The numbers have varied

greatly, from a record 98 tornadoes reported in

1996, to 38 tornadoes in 1998. There were 60
tornadoes during 1999 and 47 reported for 2001. The
graph below shows that variability and the increasing
number of reported tornadoes since the 1970s. Increas-
ing population, improved communications, and more
trained spotters have all resulted in more reported tor-
nadoes each decade since the 1960s.

COLORADO TORNADOES
1962 - 2001

eastern Colorado to the east of Interstate 25. Tornadoes
strongly favor the afternoon and evening hours. Over
half of them develop between 3 p.m. and 6 p.m. and
approximately 90 percent occurr between 1 p.m. and 9
p-m. The chart below shows tornadoes by time of day
for 1995 - 2001.

Since 1950 the two counties
with the most tornadoes have been

TITELLCTIE 8 P T T I O TS T BT e

Weld and Adams. In fact, Weld |_
County has reported one of the high-
est frequencies of tornadoes across =
the country. This is mainly due to the
size of the county. Weld is two to
three times the size of most counties
across the nation. The two maps to
the right show the county-by-county
tally for 2001 and the 1950 - 2001
totals.

The most unusual tornado [
occurred in Lincoln County, Novem- | |

ber 4, 1922, during the unusual time

of 5 -7 a.m. It was one mile g S e T

wide and several miles long with s N S 15

four fatalities and caused $130,000 | ; = |
damage. Twenty-six people have : Py S ’

YEARS been killed by tornadoe?s since 1916. - _ RS i 1 S 3
The last tornado death in Colorado . - g Pk :
occurred on June 27, 1960 in Sedg- £ B
Most of our tornadoes in Colorado are weak, with wick County. The most witnessed ; AR v a Lo =1
and well-photographed tornado out- Ly g Akl i i . |

wind speeds of less than 110 mph. But Colorado is

occasionally visited by strong tornadoes. Six tornadoes break occurred in mefro Denver on

in 1996 were comparable to the Limon tornadoes of
1990 in strength, with winds of 150 - 200 mph.
Tornadoes have been reported 9 months of the

June 15, 1988 during rush hour. Five |+~ = .

tornadoes resulted in seven injuries rsalllLTT -
and damage in excess of $15 mil-
lion. The most well-known recent

year, and the peak season for tornadoes extends from
mid May through mid August. Two thirds of Colora-
do’s tornadoes develop in May and June. Tornadoes

occur statewide, but the largest number develop over

tornado is the Limon tornado, which
occurred June 6, 1990 after 8 p.m.
This tornado caused $12 million

in damages, destroyed most of the
town’s businesses, left 117 families
homeless, and injured 14 people.
Another notable tornado combined
with downbursts on May 28, 2001,
100 to cause eight million dollars of
damage to the high school in Ell-
icott. Nearly 100 mobile homes

60 were also damaged or destroyed.

Colorado Tornadoes By Time of Day
1995 to 2001: 381 Tornadoes
120

80

Number

40

NERRM I

Bam 10am 2pm 6pm 10pm 2am
Time (MDT)

Tornado near Lamar, Colorado. Photo by lan
Wittmeyer.
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Tornado Tips
Tornado Watches and Warning

The National Weather Service uses specific ter-
minology to relay the tornado weather threat to the
public. Here is the definition of tornado watches and
warnings you need to understand in order to be pre-
pared.
¢ Tornado Watch: Means that conditions are favor-
able for tornadoes to develop. It is normally issued
for 4 to 6 hours and includes many counties. If
you are in or near the tornado watch area, stay
informed via NOAA Weather Radio, commercial
radio or television. Keep your eye on the sky and be
prepared to take cover at short notice, as tornadoes
can occur with little or no warning.

¢ Tornado Warning: Means that a tornado has been
sighted or a developing tornado is reported by
trained spotters or indicated on Doppler radar. A
warning is typically issued for a small area for less
than an hour. If a tornado warning is issued for your
area, take cover immediately!

Tornado Safety

Do you know what to do if a tornado is moving
your way? These safety guidelines are from the
National Weather Service for use at home, work,
school or when traveling. Remember: the greatest
threat from tornadoes is windblown debris!

In Homes:

¢ The safest spot is in your basement if you have one.
Get under a sturdy workbench, table or under the
staircase. Stay out of the corners, as that is where
debris will collect.

¢ If you do not have a basement, seek shelter on the
lowest floor in an interior small room or hallway.
Bathrooms and closets are good examples of rooms
to go to for shelter.

¢ Get away from your windows! Strong winds with
a tornadic thunderstorm can shatter your windows
and severely injure you.

In your Vehicle:

¢ If atornado is bearing down on you, abandon your
vehicle. Seek shelter in a sturdy building, if avail-
able, or a dry ditch, ravine or low spot. Crouch
low and cover your head with your hands. You
can safely view a tornado in Colorado from a dis-
tance, but NEVER try to outrun a tornado with your
vehicle. Some tornadoes can travel 60 mph!

In Mobile Homes:

¢ Leave your mobile home and seek shelter in a
sturdy building. If one is not available, crouch low
in a dry ditch, ravine or culvert and cover your head
with your hands.

In High Rise Buildings:

¢ You may not have time to go to the lowest floor, so
seek shelter in a hallway or small room at the center
of the building. Stay away from the windows and
out of elevators!

In Nursing Homes, Schools, Hospitals
and Shopping Centers:

¢ Go to your pre-designated shelter. Interior hallways
or small rooms on the lowest floor are usually your
best choice. Be sure to stay away from large win-
dows or glassed areas.

¢ Do not seek shelter in dining halls, gyms or other
large rooms, as roofs in these parts of a building are
usually weaker since the walls are far apart.

All Areas:

¢ Prepare a tornado plan. Make sure everyone knows
where to go in the event of a tornado. Conduct
periodic tornado drills.

¢ Assemble a disaster supply kit for emergencies.
Include a first aid kit, battery-powered radio and
flashlight with extra batteries, canned food and can
opener, and bottled water.

¢ Learn where to get weather information and the
meaning of tornado watches and warnings!



Colorado Climate in Review
April 2001

Climate in Perspective

April weather produced two costly blizzards
eleven days apart across portions of eastern Colorado.
Both storms disrupted travel and ripped down miles
of power lines but brought beneficial moisture. Some
areas of northeastern Colorado were without power
for many days during the month in the aftermath
of these intense storms. Between storms, Colorado
enjoyed some very pleasant and mild weather during
the remainder of the month.

5-8

Precipitation

Three storms, two of which developed into Great
Plains blizzards were responsible for most April pre-
cipitation across Colorado. Total precipitation for the
month ended up near to well above average from the
Four Corners area northeastward across South Park
and up the South Platte Valley. More than 150% of
average April precipitation fell at Silverton and other
parts of the southwestern mountains, in the Sangre
de Cristo range, near Fairplay, and in three areas of
northeastern Colorado hit hard by the blizzards. The
Flattops east of Meeker also received generous pre-
cipitation. Wolf Creek Pass measured nearly 8 inches
of snow water equivalent. Meanwhile, much of north-
western Colorado ended up drier than average. The
driest areas of the state were the San Luis Valley and
much of southeastern Colorado. Lamar, for example,
only picked up 0.10" of moisture in April, their driest
April since 1992, as the storms passed just to their
north. Eckley, Holyoke and Julesburg, on the other
side of the storm axis, got more than 3 inches of
moisture.

9-12

Temperature

Warmer than average temperatures were the rule
across the state in April. Cold weather accompanied
each major storm system, but temperatures rebounded
between storms, and many very warm days were
reported, especially in the Arkansas Valley. The mer-
cury reached or exceeded 80 degrees on 11 days in
April at Rocky Ford. For the month as a whole, most
of the state ended up three to four degrees F above
average. The one exception was northeastern Colorado
hard hit by two blizzards. Here, temperatures were
only one degree above the 1961-1990 averages.

April Daily Highlights
1-4  Southwesterly winds aloft developed and
strengthened over Colorado as a large trough
of low pressure dropped southward from the
Pacific Northwest to just off the coast of Cali-
fornia. At the same time, a massive high pres-

sure area pushed southward out of Canada over

the Great Lakes, eventually pushing cool, damp
air into eastern Colorado from the east, espe-
cially on the 3rd and 4th. For most of Colorado,
temperatures were well above average each day
with occasionally gusty southwesterly winds
and no precipitation. But east of the mountains
fog and low clouds developed on the 3rd and
4th, and a few thundershowers brought light
precipitation to northeastern Colorado begin-
ning late on the 2nd.

The storm aloft over California began moving
eastward on the 5th and accelerated rapidly on
the 6th. Another fast moving storm followed
7-8th. Clouds and local fog lingered east of the
mountains early on the 5th while western Colo-
rado enjoyed one more warm day. Valley rains
and mountain snows developed later on the Sth
over western Colorado and became heavy over
the southwestern mountains. Lemon Reservoir
reported 1.14" of precipitation by the morning
of the 6th, while Wolf Creek Pass totaled more
than two inches of water content from wet
snow. Very little precipitation reached central or
eastern Colorado as the storm raced eastward,
but winds gusted as high as 40-60 miles per
hour across portions of the eastern plains. Con-
ditions remained cool and unsettled on the 7th
with a few convective showers and more gusty
winds. Another disturbance crossed the state on
the 8th accompanied by a period of rain and
mountain snows over western Colorado with
only a few sprinkles east of the mountains.

The 9th was cool but pleasant over western
Colorado and mild across eastern Colorado

as another spring storm system began to take
shape over Arizona. “Upslope” precipitation
began overnight along the Front Range as east-
erly winds developed ahead of the strengthen-
ing storm. Rains spread across much of eastern
Colorado on the 10th and changed to snow in
the mountains and on the northeast plains later
in the day. By the morning of the 11th, a Great
Plains blizzard situation developed as a very
deep low pressure center over southeastern Col-
orado tracked quickly northeastward. Several
hours of blizzard conditions paralyzed portions
of eastern Colorado. Denver International Air-
port was shut down for several hours on the
11th as winds gusting to at least 60 miles per
hour dropped visibilities to zero and left snow
in drifts more than 5 feet high. At least a foot of
snow fell at Monument, Northglenn, and Aurora
with blizzard conditions extending nearly to
Kansas. Schools and roads were closed on the
11th across much of northeastern Colorado.
Power was knocked out in some areas. Winds

Colorado Climate
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diminished on the 12th and the snow soon
began melting. While the blizzard conditions

were not welcomed, the moisture was. Precipi-

tation totals for the storm ranged from none at
all in the Trinidad area to 0.86" at Colorado

COLORALDGD
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April 2001 temperature departure from the 1961-1990 average, degree F.

Statewide average
daily precipitation
graph(s) (above and
throughout this
article) shows rela-
tive amounts of pre-
cipitation for each
region. Label on each
column indicates per-
cent of station with
measurable precipita-
tion for each day.
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Springs, 1.13" at Greeley, 1.53" at Byers and
1.60" at Longmont.

13-19 Dry weather returned to Colorado with a
statewide warming trend. Westerly flow from
the Pacific brought some clouds and a little
high elevation snow on the 13th. Clouds and
fairly cool temperatures lingered on thel4th as
another weak upper air disturbance crossed the
region. Westerly winds also carried layers of
fine dust that made skies hazy across the state
for five days. Satellite pictures revealed that
this haze 13-17th originated from a giant dust
storm over Mongolia a few days earlier. Except
for the haze, skies were clear 15-17th over
western Colorado as temperatures climbed each
day. Meanwhile, a Canadian high pressure area
pushed a shallow layer of chilly air and stratus
clouds into eastern Colorado keeping tempera-
tures on the 16th in the 40s moderating a bit on
the 17th. Winds aloft strengthened 18-19th from
the southwest. Clouds and winds increased, and
snow melted in the mountains as temperatures
soared into the 80s at lower elevations with 60s
all the way up to 9,000 feet. Las Animas hit
90°F on the 19th, the first 90 degree reading of
the season.

20-22 A complex spring storm attacked Colorado.
The first phase of the storm brought only a
little precipitation, mostly to southwestern Col-
orado, but blasted much of the state with very
strong winds on the 20th. Gusts over 50 mph
were measured at Alamosa and over 60 mph at
Pueblo. The 21st was cloudy and threatening
as the second phase of the storm strengthened
over Arizona. Precipitation (rains east and west,
with snow in the mountains) spread over much
of the state by late on the 21st with some
thunder. Temperatures plummeted during the
evening over northeastern Colorado and rains
became heavy changing to snow early on the
22nd as an intense low pressure center moved
northeastward out of southern Colorado. Bliz-
zard conditions developed quickly on the 22nd
over portions of northeastern Colorado. The
combination of very strong winds and heavy
wet snows damaged many trees and tore down
miles of power lines from Greeley to Nebraska.
Heavy snow was also reported in the northern
and central mountains and eastern foothills.
Buckhorn Mountain in Larimer County picked
up 20 inches of new snow.

23-27 Much quieter weather returned to Colorado.
Very cold temperatures were measured the
morning of the 23rd. The temperature dipped to
20°F at Longmont. Then temperatures warmed
each day under mostly sunny skies with low
elevation temperatures in the 70s and low 80s
by the 26th. Afternoon thunderheads dropped a



few sprinkles on the 27th humidities increased
a bit.

28-30 Summer-like weather with melting snow in the
mountains. A few light showers developed on
the 29th. Gusty winds on the 29th accompanied
hot temperatures, especially east of the moun-
tains. Lamar and Las Animas each hit 91°F. The
month ended with partly cloudy, dry and warm
weather on the 30th.

April 2001 Monthly Extremes
Description Station Extreme Date
Precipitation (day): Vail 2.67" April 11
Precipitation (total): Wolf Creek 7.87"
Pass 1 E
High Temperature:  Lamar 91°F April 30
Las Animas  91°F April 29
Low Temperature:  Silverton -2°F April 13

May 2001

Climate in Perspective

A single storm system in early May delivered a
statewide average of 1.50" of precipitation to the state.
This one storm and the several days of cold, cloudy
weather that went with it single-handedly reduced the
threat of early season wildfires along the Front Range
and had a huge effect on statewide water supplies.
This storm improved crop and soil moisture condi-
tions, and helped Colorado’s rangelands immensely.
After another dry and warm winter for Colorado’s
northern and central mountains, it was just what the
state needed to be optimistic about summer water sup-
plies and recreation opportunities. Later in the month,
severe weather in the form of tornadoes did consider-
able damage to the small town of Ellicott east of
Colorado Springs.

Precipitation

May precipitation totals were above average over
most of Colorado. From Montrose to Alamosa east-
ward to Walsenburg, La Junta and Lamar and north-
ward to Limon and Fort Morgan, May precipitation
exceeded 150% of average. The wettest locations
included Salida (271% of average), Ridgway (278%),
Rush (292%), Westcliffe (300%) and Fowler (308%).
The storm of May 2-6th accounted for 2/3 of total
statewide May precipitation. But, as usual, there were
some areas that ended up on the short end of the stick.
May moisture was a little below average in extreme
northeastern Colorado and over southwestern. Paonia
and Grand Junction were also drier than average. The
largest areas receiving less precipitation than average
were found in the northern mountains and extreme
northwestern Colorado. The Steamboat Springs and
Grand Lake areas, both with downwind exposures
during typical “Four Corners” storms, each received
only half of their average precipitation.

Temperature

For the month as a whole, May temperatures

were near average over eastern Colorado but above
average over the mountains and western valleys. Lead-
ville, Taylor Park, Durango and Alamosa all ended the
month more than four degrees F above average. The
coolest area of Colorado with respect to the 1961-1990
averages, was the South Platte valley from Denver

to Julesburg where temperatures were slightly below
average.

May Daily Highlights

1-6

May got off to a real bang. May 1st was hot
and windy as temperatures soared into the 80s
and 90s at lower elevations with 70s reaching
as high as 9000 feet. From Trinidad to Wray,
highs reached into the 90s — unusually hot for
so early in the season. Las Animas, Colorado’s
traditional hot spot, was the hottest in the state
at 98°F. But clouds increased during the day as
a rapidly developing storm system took shape.
A strong cold front pushed southward across
the state overnight and by early on the 2nd
snow was falling over portions of northern Col-
orado. Temperatures plummeted by as much as
50 degrees F. Precipitation became quite heavy
during the day along the northern Front Range
with much of the precipitation falling as snow
in the foothills and mountains with mixed

rain and snow along the Front Range urban cor-
ridor. Nearly an inch of water from rain and
wet snow accumulated in Fort Collins by eve-
ning. Southwestern Colorado remained warm
but very windy for one more day. Southerly
winds gusted to nearly 50 mph at Alamosa.
The storm gradually encompassed the entire
state and by the 3rd precipitation was falling
statewide. A large “Four Corners” upper level
low then moved very slowly eastward bringing
nearly continuous precipitation to southern and
eastern Colorado until late on the 5th when the
storm system finally headed into Kansas and
Nebraska. A period of very heavy snow targeted
the upper Arkansas valley from Salida to Buena
Vista 3-4th. More than 3 feet of snow accu-
mulated in some areas breaking tree branches
and power lines. The storm had one last gasp
before exiting the state on the 6th as severe
thunderstorms rumbled across parts of south-
eastern Colorado. When it was finally over on
the 6th, impressive precipitation totals were
tallied at many locations. One to two inch
totals were common over eastern Colorado and
much of the mountains. More than 2.50" inches
of precipitation fell along the northern Front
Range. Statewide, this one storm system con-
tributed nearly 10% of the precipitation for the
entire year.

Colorado Climate
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7-15 A prolonged period of quiet, lovely spring

weather followed the early May storm. Daytime
temperatures were generally in the 70s and

80s at lower elevations. Grass grew abundantly
with the long days and adequate soil moisture.
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The only significant weather changes during
the period was a cold front that brought cooler
air to northeastern Colorado on the 11th and
some scattered afternoon and evening thunder-
storms on the 13th and 14th, especially over
western Colorado, resulting from some mois-
ture moving into the state from the south. Most
showers were light, but Paonia reported 0.52"
early on the 16th from a storm the previous
evening.

16-19 Some minor upper level disturbances combined

with adequate low level moisture and some
cooler air to trigger scattered thunderstorms,
some of which were severe. Heavy storms with
generous rains were widespread over southeast
Colorado late on the 16th. Several locations
received well over an inch of rain. Rocky Ford
reported 1.85". Numerous storms developed
on the 17th, especially east of the mountains.
Thunderstorms were also frequent on the 19th
as an upper level low-pressure trough crossed
southern Colorado. Walsenburg reported 1.20".

20-22 Sunday the 20th appeared to be a lovely spring

day with blue skies and comfortable tempera-
tures. However, a well-anticipated cold front
(forecasters warned of this event two days in
advance), pushed by winds between 40 and 70
miles per hour, raced across the state during the
afternoon dropping temperatures by as much
as 40 degrees in less than two hours. Thun-
derstorms with hail formed rapidly in south-
eastern Colorado. Snow quickly developed in
the mountains catching some hikers off guard.
Snow also developed along the 1-25 corridor.
Most snow melted as it landed, from Fort Col-
lins to Pueblo, but from Boulder to Monument
several inches of snow accumulated that eve-
ning. Parts of Lakewood and Golden received
as much as 6 inches from this sudden spring
storm. Skies then cleared overnight, and resi-
dents of the state awoke to some very chilly
temperatures on the 21st. The low in Boulder
was 26°F, while Georgetown recorded 17°F.
Many areas of eastern Colorado and the West-
ern Slope flirted with frost. The +6°F report
from Climax was the coldest in the state. Tem-
peratures were cold again early on the 22nd,
and then began to moderate with plentiful sun-
shine.

23-25 Very warm and dry over western Colorado, but

cool and quite windy east of the mountains. A
very large and nearly stationary low pressure
area over the Midwest was responsible for

the chilly northerly winds sweeping across the
plains each day. Wray reported a low tempera-
ture of 29°F on the morning of the 25th.

26-30 High pressure covered the area 26-27th, but

increasing low level moisture helped fuel scat-



tered high based thundershowers. An upper
level disturbance then approached from the
southwest on the 28th and helped trigger severe
thunderstorms with large hail over portions of
eastern Colorado on the 28th (Memorial Day).
Hard hit was the small town of Ellicott east of
Colorado Springs where a tornado ripped roofs
off of their school buildings causing millions of
dollars in damages. Heavy rains were reported
in northeastern Colorado. Holyoke, for exam-
ple, reported 1.41" while Brush added 1.68".
Cool showery weather continued 29-30th, but
with mostly light amounts reported. As is often
the case at this time of year, the majority of pre-
cipitation fell east of the mountains with only
very light showers in the mountains and western
valleys.

31  Dry and warmer air with northwesterly winds
aloft returning to Colorado. A few storms out
near the Kansas border.

May 2001 Monthly Extremes

Description Station Extreme Date
Precipitation (day): Campo7S  2.20" May 20
Precipitation (total): Rush 1 N 6.30"

High Temperature:  Las Animas ~ 98°F May 1
Low Temperature: ~ Climax 6°F May 21

June 2001

Climate in Perspective

June delivered some noteworthy episodes of
severe weather to Colorado such as the disastrous
hailstorm that pummeled aircraft and parked cars at
Denver International Airport on June 20th. But for the
state as a whole, June was both drier and with fewer
severe storms than what we have come to expect most
years. Persistent hot and dry June weather in western
Colorado for the past several months and most of June
seemed to be setting us up for a bad wild fire season,
but a brief blast of cold and snow in mid June and
a period of humid air with some showers late in the
month brought timely relief.

Precipitation

There were plenty of opportunities for precipita-
tion in June, particularly east of the mountains. How-
ever, most storms that developed were fairly localized
with no widespread heavy precipitation. As a result,
June was drier than average for much of Colorado.
Much of the Western Slope totaled less than 50% of
average. Grand Junction got only a trace of precipita-
tion all month. The northern mountains, mountain val-
leys and the northern Front Range urban corridor
also were dry. Walden reported just 0.10", 10% of
average. Fort Collins only accumulated 0.42", 22%
of average. Portions of south central and northeastern

Colorado were also much drier than average. There
were a number of small wet areas, however, scattered
throughout the state. The wettest location, compared
to average was the Hass Ranch south of Limon where
precipitation was more than 200% of average. Creede,
Gunnison, Las Animas and Rocky Ford also ended the
month much wetter than average.

Temperatures

The heat of summer came on strong during June,
particularly west of the mountains. Daily maximum
temperatures climbed into the 90s or higher at Grand
Junction on 21 days during the month. But squeezed
between hot temperatures early and late in the month
was a brief, strong cold front that dropped tempera-
tures in the mountains down into the 20s. Tempera-
tures for the month as a whole ended up 2-3 degrees F
above average over the western 2/3rds of the state. The
coolest areas, compared to average, were found over
eastern Colorado where some locations were within
one degree of average.

June Daily Highlights

1-2  Pleasantly warm east, hot and dry on the West-
ern Slope. Some afternoon clouds, especially on
the 2nd.

3-5 A vigorous storm system for so late in the
spring approached from the northwest. Much
cooler air with low clouds, fog and drizzle
arrived in northeastern Colorado early on the
3rd. Highs only reached into the 50s and 60s
3-4th in the northeast, while southwestern Colo-
rado remained dry and warm. A few large thun-
derstorms erupted. Rocky Ford picked up 0.93"
of rain and hail on the 3rd. More locally severe
storms developed on the 4th. Portions of Adams
and southern Weld Counties had damaging hail.
Akron reported a high temperature of just 54°F.
Very chilly temperatures for this time of year
were reported on the morning of the 5th. Grand
Junction dropped to 38°F. Many locations in
the mountains were in the 20s. A few light thun-
dershowers popped up over northeast Colorado
later on the 5th, as temperatures warmed.

6-7  Clear, dry and warm statewide on the 6th but

moist air slipped back into eastern Colorado

on the 7th as evidenced by patchy morning

fog. Some ferocious late evening thunderstorms

exploded over eastern Colorado on the 7th.

There were numerous reports of hail, especially

in southeast Colorado. The Las Animas weather

station received 2.60" of rain along with hail
and damaging winds. Numerous locations from

Limon to Walsh reported at least one inch of rain.

A high pressure ridge set up over the Southwest

initiating the first heat wave of the summer.

Temperatures soared into the mid and upper

90s each day at Grand Junction. The first 100
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degree readings of the season were reported

at several locations in the Arkansas Valley on
the 11th. Enough low level moisture remained
to fuel some scattered high-based thundershow-
ers on the 8-9th. The weather observer south

of Lindon (northeast of Limon) got a close-up
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look at a tornado on the 9th. Most of the state
was just hot and dry 10-11th.

12-15 The heat wave was short lived as a very strong

cold front approached and crossed Colorado on
the 13th. Temperatures were still hot on the
12th in advance of the front, but strong winds
developed over western Colorado and spread
eastward. Some late night thunder accompanied
the cold front over northwestern Colorado. The
front then swept across eastern Colorado early
on the 13th. Snow began in the mountains early
on the 13th and spread southeastward. Most
totals were light, but Aspen and Crested Butte
both reported 4 inches of new snow during

the day on the 13th. Aspen received a total
water content of 1.13". Campers at Great Sand
Dunes National Monument were shocked with
2 inches of snow. Temperatures had been in the
mid 80s the previous day. Snow made it as far
east as the top of the Palmer Divide near Mon-
ument where up to 4 inches of snow accumu-
lated for a time. Climax reported 8 inches of
new snow. Areas east of the mountains experi-
enced a very windy, threatening day with falling
temperatures. A few areas picked up significant
rains and some hail. Brighton picked up 0.88"
of moisture. Strong winds continued into the
morning of the 14th and then diminished. Colo-
radans awoke to very chilly temperatures on the
14th and 15th. Climax dropped to a 17°F read-
ing and the Meredith weather station slipped

to 19°F. Readings in the 20s were widespread
throughout the mountains both mornings. The
Pueblo airport even saw alow of 36°F on the 15th.

16-17 Hot, dry weather returned quickly and all signs

and thoughts of snow vanished. Pueblo’s tem-
peratures were back up to 100°F by the after-
noon of the 17th.

18-22 A dry, Pacific cool front crossed Colorado on

the 18th accompanied by gusty winds. Little
change was noted west of the mountains, but
cool temperatures were welcomed across the
Front Range and plains with highs mostly in
the 70s 19th-21st. High pressure north of Colo-
rado carried some low-level moisture into east-
ern Colorado on the 20th just as an upper level
disturbance moved in from the northwest. These
factors combined to trigger scattered severe
storms. Especially noteworthy was a brief but
ferocious hailstorm that moved across Adams
County from northwest to southeast on the
20th. Denver International Airport took a direct
hit from wind-driven golf-ball sized hail (see
story, page 12). Other areas of the county were
also hard hit. These storms moved into south-
eastern Colorado later in the evening. Walsen-
burg reported 1.31" of rain with hail. Walsh
totaled 1.32" of rainfall. Drier air returned on



the 21st with pleasant temperatures in and east
of the mountains but hot temperatures well up
in the 90s on the Western Slope. Temperatures
warmed east of the mountains on the 22nd with
just a few late-day thundershowers.

23-26 Hot weather dominated all of Colorado as
winds aloft shifted from northwesterly to south-
westerly. Low and mid level moisture, like an
early onset of the Southwest Monsoon, began
moving up across Arizona and helped fuel
widespread showers and thunderstorms over
western Colorado that peaked on the 26th.
Crested Butte measured 0.87" of precipitation
early on the 25th. Gould reported an inch of
hail accumulation on the ground that same day.
Meeker received 0.96" late on the 26th, and
Como (near Fairplay) got 1.10". Some storms
also erupted east of the mountains. Cheyenne
Wells and Arapahoe reported 1.33" and 1.75",
respectively, from a storm late on the 25th.

27-30 The early surge of moisture from the south
ended. The 27th was fairly cool over western
Colorado. Then hot weather returned statewide.
Grand Junction topped out at 101°F on the 30th.
Greeley baked at 103°F. While most of the state
was dry, a few isolated thunderstorms devel-
oped. Sheridan Lake in southeastern Colorado
reported 0.65" from a storm late on the 29th.

June 2001 Monthly Extremes
Description Station Extreme Date
Precipitation (day): Las Animas  2.60" Jun7
Precipitation (total): Limon Hass ~ 3.52"

Ranch
High Temperature: ~ Ordway 2 ENE  104°F Jun 28
Low Temperature: ~ Climax 17°F Jun 14

Colorado’s Drought and Water
Supply Status — October 2000
through June 2001

Studies have shown that at any given time,
some areas of Colorado are usually experiencing or
approaching drought. At any given location, drought
conditions (defined as accumulated precipitation for
three months or longer at least one standard deviation
below the mean for that period) begin to emerge an
average of 9 times in every 10-year period. Fortu-
nately, seasonal precipitation patterns in Colorado tend
to work in our favor. Wet springs can help make up
for dry winters, wet summers can help cover for dry
springs. About the time it looks really bleak, even
fall can come through to provide some relief. Wet
winters, especially in the mountains, are just plain a
good thing for almost everyone who cares about water.
Furthermore, with our many ranges of mountains it
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seems that for most drought situations, someone on the
other side of the mountain range is much wetter. It

is really unusual for all of Colorado to be dry at the
same time.

As we move through the summer of 2001, the
northwestern 1/3 of the state has been on the short end
of the stick consistently since last fall. Dry conditions
serious enough to be considered drought have been
teasing many areas. From Cortez and Telluride north-
ward and northeastward through Delta, Grand Junc-
tion, Glenwood Springs, Craig, Steamboat Springs,
Summit County, and all the way to Estes Park, Octo-
ber-June precipitation has been less than 90% of aver-
age. A few locations including Cedaredge, Paonia,
Kremmling, and Granby only totaled 55-70% of aver-
age. Less than 80% of average for this time of year
generally leads to significantly less streamflow and
much drier soils and vegetation than average. These
areas of western Colorado are adjacent to a large area
suffering from severe precipitation deficits from cen-
tral Utah northward to the Pacific Northwest. Some
areas along the Front Range foothills from Manitou
Springs to Evergreen and northward to Wyoming
have also been considerably drier than usual. But at
the same time, south central and portions of eastern
Colorado have enjoyed abundant precipitation. From
Durango, Wolf Creek Pass and Alamosa eastward and
northeastward to Pueblo, La Junta and Lamar, Limon,
Fort Morgan and Yuma, 9-month precipitation totals
have been from 110 to 150% of average. A few loca-
tions have even been wetter. Saguache, hard hit by sev-
eral storms since last fall, has received 171% of their
average. That sounds impressive but still only adds up
to a 9-month total of 7.24" compared to an average for
October through June of 4.23". Las Animas stands at
162% of average (12.17" compared to an average of
7.51"). Locations in southeastern Elbert and western
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Below on the left is a
reprint of the Water Year
2001 chart from the Spring
2001 issue of Colorado
Climate which printed
incorrectly due to tech-
nical difficulties. On the
right is the Water Year
2001 chart for this issue.

Lincoln counties have received at least 170% of their
long-term October-June averages. This moisture has
been very welcome after the very dry weather that
much of Colorado experienced last year.

Above average temperatures have begun to pre-
vail once again. November stood out as extremely cold
and the mid-winter months were near average. How-
ever, since February the mountains and western val-
leys have been consistently above average by several
degrees. Above average temperatures typically trans-

late to more evaporation and drier soils and vegetation.
Eastern Colorado, where precipitation has been more
generous, has been much closer to average tempera-
tures this spring.

In summary, we continue to dry out. After many
years of adequate moisture in the 1980s and 1990s
culminating with 30% more precipitation than average
statewide for the 1999 water year, we seem to be
saying “farewell” to those good moisture years.

Water Year 2001
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Photos taken by Greg
Shelton, West Gulf River
Forecast Center, National
Weather Service.

Denver International Airport Takes a Huge

Hail Hit

une 20, 2001 at approximately 1833 MST large
hail (approximately 2 inch in diameter) punched
at least 14,000 holes and cracks in the flat roofs
of several buildings at Denver International Air-
port. In addition, 93 planes and hundreds of cars were
damaged. Approximately 100 flights were canceled,
stranding numerous travelers. The airport was com-

pletely shut down for approximately 20 minutes. The
storm also damaged a radar instrument used to moni-
tor planes on the ground to avoid runway collisions.
Damage was estimated to be in the $10 million range.
No estimate for the damage done to the 93 airliners
was released.

Excerpt from Storm Data publication.
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Drought Threat to Colorado Water

Roger Pielke, Sr., Nolan Doesken and Jose Salas (Civil Engineering Dept, CSU)

Appeared in Colorado Water (Vol. 18, No. 4), August 2001, Colorado Water Resources Research Institute

cKee et al. (1999) has developed the
standardized precipitation index (SPI) in
order to monitor total rainfall over time
periods from 1 month to 4 years and more
with respect to average rainfall conditions. SPI can
be interpreted as normalized standard deviations with
respect to the average conditions. For time periods
longer than 1 year, the rainfall distributions can be
interpreted as represented by a normal probability dis-
tribution.

Figure 1 illustrates their analysis of four-year SPI
values when averaged across the state of Colorado. As
clearly evident from the figure, the 1930s and 1950s
included time periods of long-term drought. One ques-
tion that arises is the consequences to Colorado’s water
resources if similar droughts occurred today.

Historic climate data were surveyed to identify
Colorado’s five driest years during the past century.

Fraction of Colorado in Drought
Based on 48-monih SFI
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Figure 1. Fraction of Colorado in drought, based
on 48-month Standardized Precipitation Index
(SPI) from McKee et al (1999).
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Figure 2. Colorado average annual precipitation
values from 1888-2000.

For the state as a whole (not necessarily at each and
every weather station) the driest years were found to
be 1934, 1939, 1950, 1954 and 1956 (Figure 2). Pre-
cipitation totals for these five years were accumulated
for many long-term weather stations across Colorado,
expressed as a percent of the 1931-1990 average, and
plotted on a Colorado map. The resulting pattern of
precipitation as a percent of average is shown in Figure
3. For most of the state this would amount to just 70%
of the long-term average. While this may not sound
that extreme, under this scenario, the vast majority of
Colorado would be facing extreme water shortages.
Often, the analysis of droughts at a point gives a good
idea o